Synthesis of Cu nanoparticles using chemical route offers a competitive alternative approach over the common biological and physical procedures. In this study, simple, economical, convenient and environmentally-friendly chemical reduction technique was used for the production of Cu nanoparticles from CuCl 2 .2H 2 O solution using L-ascorbic acid as reducing and capping agent. The effects of concentration of precursor salt and ascorbic acid, reaction time and reaction temperature on the synthesis of Cu nanoparticles were studied. The optical properties of the synthesized Cu nanoparticles were characterized by UV-Vis Spectroscopy while the crystallinity of synthesized Cu nanoparticles was verified with the help of X-ray diffraction analysis. The antimicrobial activity of Cu nanoparticles was determined by Agar disc diffusion method against some selected species of bacteria: two gram positive (Staphylococcus aureus, Streptococcus pyogenes) and two gram negative (Escherichia coli, Pseudomonas aeruginosa). The UV-Vis spectrum of solution of Cu nanoparticles showed a characteristic peak at 423 nm that confirms the preparation of Copper nanoparticles. Moreover, FT-IR spectroscopy was performed to detect the binding effect of ascorbic acid on Cu nanoparticles, and its result indicated that ascorbic acid could prevent oxidation and agglomeration. The findings revealed that Cu nanoparticles formed at a concentration of 3mM CuCl 2 .2H 2 O solution and 4 mM ascorbic acid exhibited an excellent zone of growth inhibition for both gram-negative and gram-positive bacteria, 16.83+0.42 and 15.50+0.89mm, respectively.
INTRODUCTION
In recent years, metal nanomaterials have received particular attention for their positive impact on improving many economy sectors including consumer products, energy, transportation, cosmetics, pharmaceuticals, antimicrobial agents and agriculture (Shobha et al., 2014) . Moreover, the controlled fabrication of metal nanoparticles has impelled nanotechnology into its advancement in today's most promising and popular field of scientific research (Aysha et al., 2015) . Among the metal nanoparticles, copper nanoparticles have been paid great interest because of their excellent physical and chemical properties, versatile applications and low cost of preparation (Kruis et al., 1998; Gopinath et al., 2014; Heera et al., 2015) . Currently, copper nanoparticles greatly attracted researchers pertaining to their enormous applications, particularly in flexible electronics, *Corresponding author: delelewww@gmail.com printing (as a copper ink), nanocircuits due to their good electrical conductivity, catalytic properties along with high biocompatibility and antibacterial properties (Nadejda et al., 2017) . Copper nanoparticles have also more applications such as in the form of heat transfer systems, antimicrobial materials, super strong materials, sensors and catalysts (Eastman et al., 2001; Ipsa and Nayak, 2013; Aysha et al., 2015) .
In the synthesis of copper nanoparticles, different methods or approaches such as chemical reduction in aqueous solutions, colloidal synthesis with reduction and extraction steps, evaporation and condensation of metal vapor on a cold surface have been employed (Liu et al., 2012; Kathad and Gajera, 2014) . Most of these synthesis methods involved with elevated temperatures, inert atmospheres, large amount of surfactants and organic solvents (Appu and Muthukrishnan, 2015) . In addition, the preparation and storage of the synthesized copper nanoparticles is quiet challenging due to its high tendency for oxidation (Appu and Muthukrishnan, 2015; Sudhir et al., 2015) .
Thus, designing a suitable synthesis strategy can help researchers synthesize high quality copper nanoparticles having controlled properties. In this study, we designed a synthesis method which is simple, economical, temperature controlled, convenient and environmentally friendly for the production of copper nanoparticles from CuCl 2 .2H 2 O solution using L-ascorbic acid for both a reducing and capping agent. The developed synthesis strategy used simple and nontoxic chemicals and reagents. The synthesized copper nanoparticles were characterized by XRD, UVVis spectroscopy and FT-IR spectroscopy. The antibacterial activity of the synthesized copper nanoparticles for the selected bacterial strains was also investigated using Agar disc diffusion method. mM and 4 mM) were also prepared from the stock solution (Vasudeo et al., 2015) . water. Finally, the sample was dried, and then it was kept under desiccators to protect it from moisture and apparently from oxidation (Liu et al., 2012) .
EXPERIMENTAL Chemicals and Instruments

Preparation of L-ascorbic
Antibacterial susceptibility test:
The antibacterial assays were performed by standard Agar disc diffusion method against some selected species representing Cu (111), (111), (200) and (220) planes of crystal face-centered cubic of copper (JCPDS-04-0836) (Langford and Wilson, 1978; Monshi et al., 2012) .
RESULTS AND DISCUSSION
The comparison of 2θ obtained in our experimental work with the values of 2θ described in JCPDS-040836 for copper nanoparticles are shown in Table 1 . The peaks at 43.33, 50.29 and 74.18 correspond to the characteristic peak of the copper nanoparticles. The size of the as-synthesized copper nanoparticles was estimated from DebyeScherer equation (Langford and Wilson, 1978) , and the result revealed that the copper nanoparticles had an average size of 50 nm. .This indicated that the free ascorbic acid had chemisorptions on surface of copper nanoparticles to stabilize the as-prepared nanoparticles.
Moreover, most of the peaks between 1000-1800 cm -1 of free L-ascorbic acid disappeared after stabilizing the Cu nanoparticles. This is due to the (Shikha et al., 2015) . As it is shown in Figure 4 , after 12 hrs of the reaction time, the color gets more intense. This phenomenon could occur due to the consumption of higher concentration of L-ascorbic acid to form the copper nanoparticles.
As the concentration of L-ascorbic acid increases, the number of dispersed copper nanoparticles will increase resulting in a decreasing agglomeration of the particles (Huixiao et al., 2012 ).
As noted above, the formation process of Cu nanoparticles can be supported by the color change of the reaction mixture and UV-vis spectra. Thus, the optical properties of the prepared copper nanoparticles were examined using the data obtained from UV-Vis absorption measurement of the as-synthesized copper nanoparticles in distilled water. Figure 3 shows the UV-Visible spectra of the precursor salt, ascorbic acid and the synthesized copper nanoparticles. Moreover, the effect of reaction time and of temperature on the formation of Cu nanoparticles indicated by color changes is explained in Figure 4 and 5, respectively.
The color change was due to Surface Plasmon
Resonance (SPR).
Nano-sized particles exhibit unique optical properties having an exponential-decay Mie scattering profile with decreasing photon energy (Chen and Sommers, 2001 ). The collective oscillations of conduction electrons at the surface of nano-sized metal particles absorb visible electromagnetic waves, which is known as Surface Plasmon Resonance (SPR) .
Such phenomenon of SPR of metal nanoparticles is largely size dependent. But the exact position and shape of the Plasmon absorption peaks may depend on several factors including size of particle, type of solvent, capping agent, the particle morphology, dielectric functions of the metal and the surrounding medium as well as surfaceabsorbed species (George et al., 2007) . As Figure 3 above shows, the absorption edge of the as-prepared copper nanoparticles was determined at around 423 nm, which is closer to the literature value (450 nm) reported for the copper nanoparticles (Arunachalam and Kannappan, 2013) . This result, thus, confirms the formation of copper nanoparticles.
In this study, it was realized that the reaction time is one of other important parameters in the synthesis of copper nanoparticles. As time of reaction increases, the formations of copper nanoparticles will increase since the reactants have ample time for completion. In other words, when the reaction time increases, the copper nanoparticles synthesized by chemical reduction method using L-ascorbic acid as protective agent lead to the formation of well-defined nanoparticles . Therefore, it is possible to understand that copper nanoparticles could be best synthesized at around 12 hours of reaction time.
That is, the color change observation shown in Figure 4 indicates that 12 hours reaction time is the suitable reaction condition for the successful preparation of copper nanoparticles.
were not observed. Therefore, it is difficult to Table 2 and 3.
The results in Table 2 The antibacterial activity study revealed that the concentration of copper nanoparticles has a linear correlation with zone of inhibition growth, i.e. as the concentration of copper nanoparticles increases, the zone of inhibition also increases (Rajesh et al., 2010) . This present antibacterial activity investigation showed that the prepared copper nanoparticles exhibited almost similar zone of inhibition growth towards the Gram-positive and Gram-negative tested bacteria strains (Table 2 and 3).
The antibacterial mechanism of metal nanoparticles is not still known clearly.
However, it has been reported that when metal nanoparticles are attached to the surface of the cell membrane, the composition of cell wall varies rapidly affecting the wall permeability, the respiratory function and DNA of which it tends to lose its ability to replicate (Pal et al., 2007) .
The mechanism by which the nanoparticles were able to penetrate the cell wall was due to changes in membrane morphology that significantly increases permeability and affects
proper transport through the plasma membrane leaving the bacterial cells incapable of properly regulating transport through the plasma membrane and resulting in cell death (Ekezie et al., 2017) .
Furthermore, the enhanced activity of the synthesized nanoparticles could be their improved characteristics and morphological properties of nanoscale materials in terms of specificity and better manipulation, increased surface area available for interactions, which enhances bactericidal effect than the large sized particles and thus, they impart cytotoxicity to the microorganisms (Ekezie et al., 2017) .
The bactericidal effect of metal nanoparticles has been attributed to their size and high surface to volume ratio, which allows them to interact with microbial membranes and is not merely due to the release of metal ions in solution (Mokae et al., 2017) . 
